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ABSTRACT 

A test program was conducted to develop mechanical strength 

data on ECDE 7581 glass fabric impregnated with Fl6l resin.    This 

data is to be used in the new revision of MIL-HDBK-17.    The 

prqperties determined were tensile, ccmpressive and shear strengths 

and stiffnesses and Poisson's ratios over the t&mperature range of 

-650F to k300F.    The results are presented in graphical,  tabular, 

and summary forms. 
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SECTION 1 

INTRODUCTION 

This document is submitted to the U.S. Army under contrect DAAA21- 

GQ-C-OkOk "Determination of Principal Properties of "E" Fibeiglaes - 

Epoxy Laminates For Aircraft". 

The data contained herein was obtained on temperature resistant 

laminates,   intended for continuous service up to k00oT (short time to 

5000F), consisting of F161-505 epoxy-novolac resin reinforced with 

ECDE 7581 glass fabric (8 Harness satin uring 75- l/O yarn), also 

designated 7781.    Mechanical properties of these laminates were 

measured for the range from -65CF to i+50cF in the dry state, and -650F 

to 2200F in the wet state. 

The developed data is intended for incorporation in revised MIL- 

HDBK-17, Plastics for Aerospace Vehicles. 

1.1 
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SECTION 2 

PHYSICAL PROPERTIES 

2.1    PREFViiG MATERIAL 

The physical properties of the prepreg used in this program 

were subdivided into three groups, each group corresponded to a 

different resin content.    The prepreg material was manufactured 

by HEXCEL - COAST MAMUFACTURING DIVISION (formerly Coast Manu- 

facturing and Supply).    Two sets of physical property values for 

the uncured prepreg are listed for comparative purposes i.e., 

those furnished by the supplier and those measured by Grumman 

Aerospace Corporation.    These values are summarized in Table 2-1. 

TABLE 2-1   Physical Properties of Prepreg Material 

GROUP NO. I II I I 

DATA SOURCE HEXCEL GRUMMAN HEXCEL ÜRUMMAN HEXCEL GRUMMAN 

Average devolatil- 
ized Resin Content, 26.78 26.25 33.15 33.18 36.57 36.63 

Range of Resin 
Content, % 

2U.8- 
28. U 

2J+.7- 
28.1 

32.55- 
34.25 

32.8- 
33.61 

36.00- 
37.42 

36.40- 
36.98 

Average Volatiles, 
i .69 .U8 .55 •53 , .55 .56 
Range of Volatiles, .59- 

.81 .^9 
.50- 

.57 
.50- 

.56 
.51- 

.57 
.51- 

.60 

Average Flow, % 2.7 1.5 7.9 6.2 12.9 10.1 

Range of Flow, ^ 2.3-3.1 .6-2.7 7.3-9.0 5.6-7.4 12.2-14.0 ?.3-11.3 

NOTE:    - Values from 4" squares, 4 ply laminates at 3250F and 15 psi for 

8 minutes as per Society of Plastics Industry (SPl) Procedures 

PREPRBG-1 and PREPREG-2. 

- All values ere weight percentages. 

2.1 
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2.2    LAMINATES 

The laminated panels used for mechanical testing, were constructed 

as shown In Reference 1, I.e., using parallel, alternately inverted» 

eight (8) and ten(10) ply layups - see Section U. 

2.2.1    RESIN CONTENT DERIVED FROM PE» PLY THICKNESS 

The average resin content of the laminates In each group was 

determined as follows: 

l)    The average per ply thickness of the laminates In each group 

was obtained and 2) these values were converted to average resin 

content using Figure 2-1,  (the data used to generate this relation- 

ship were resin content tests on actual laminates by resin pyrolysis 

at 1050 ± 50oF In accordance with FTMS Uo6 Method 706l).    The results 

are summarized below: 

TABLE 2-2     R' iln Contents from Per Ply Thickness Data for Laminated 

} iastic Panels 

GROUP NUMBER I II III 

Average Resin Content^ % 26.0 31.0 35.6 

Range Resin Content?, % 22.2-30.0 26.0 - 35.7 26.0 - 39.8 

Average Per Ply Thickness, In. .0080 .0090 .0101 

Range Per Ply Thickness, In. .0072-.0088 1   .0080-,0100 .0080-. 0113 

«NOTE:    - All values are weight percentages 

2.2 
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2.2.2 RESIN CONTENT DERIVED FROM SPECIFIC GRAVITY 

To obtain additional information, the average resin content of 

the laminated plastic panels in each group was obthined in another 

manner as follows: 

l)    The average specific gravity for each group was obtained 

(on actual laminates by  water displacement, FTMS Uo6 Method 

5011) and 2) these values were converted to average resin 

content using Figure 2-2.    The relationships of Figure 2-2 were 

established by relating specific gravity to actual resin contents 

by pyrolysis  (FTMS U06, Method 706l).    These values are listed 

in Table 2-3 below: 

TABLE 2-3     Resin Contents from Specific Gravity Data for 

Laminated Panels 

GROUP NUMBER I II III 

Average Resin Content, % 25.9 31.6 35.8 

Range of Resin Content, % 22.6 - 28.5 29*7 - 32.5 32.5 - 38.0 

Average Specific Gravity 2.01 1.92 1.86 

Range of Specific Gravity 1.97-2.06 1.89-1.95 1.82-1.91 

2.U 
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2.<?.j VOID CONTENT 

To determine void content of the laminated panels, theoretical 

curves of voids versus  specific gravity and resin content are presented 

in Figure 2.3.    These curves were generated as follows: 

At resin contents of 26.5^,  33.75fo and 36-5fo (which correspond to 

dense data points on Figure 2.2),  and assuming 7 void contents of 0 to 

6 percent,  the relationship between laminate resin content and specific 

gravity was established in accordance with the relationship.1, specified 

in ASTM D-273^.    These theoretical curves assumed a 7581 glass reinforceraei^ 

specific K^avlty of 2.56.    The specific gravity of the resin was obtained 

by taking several l/8 inch thick,  1 inch square pure resin castings, 

exposing them to the same cure cycle as that of the laminates, and 

measuring the specific gravity by water displacement  (FTMS ^06 Method 

5011).    The specific gravity was  found to be 1.260 average, with a 

range of 1.259 to I.263. 

To verify the accuracy of these curves,  the methods specified in 

MIL-?-175^9C  (SHIPS) were used to find the void content, using measured 

values of resin content and specific gravity.    The results    are: 

RESIN CONTENT {%) SPECIFIC GRAVITY VOID CONTENT {%) 

26.50 2.00 oM 
33.75 1.887 0.6% 

36.50 1.88U 0.9fo 

The dotted curve shown in Figuie 2.3,  is the plot of the actual 

specific gravity of the fabricated laminates used in obtaining data 

presented herein»    All had measured void contents less than l'/o by 

volume, which verifies the 0 and 1% void curves.    Higher void content 

curves could not be verified under this program. 

2.6 
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SECTION 3 

MECHANICAL PROPERTIES 

3.1    GENERAL INFORMATION 

The data reported in this section were generated from specially 

selected specimen shapes, considering the following: 

TENSION SPECIMEN - An elongated, 11^ inch long, bow-tie tensile 

specimen was selected for use in this program (see Figure 3-1). 

It provided realistic data indicated by terminal failures in the 

test gage section with minimum scatter. In addition, this speci- 

men was easily fabricated and provided reproducible data.  Other 

tensile specimen configurations which were evaluated for possible 

use in this program were tab ended ^ inch wide straight sided 

specimens, other elongated bow-tie specimen, and ASTM D638 Type I 

specimens of 3, 8, and 18 inch neck down radii (see Reference 2). 

COMPRESSION SPECIMEN - The standard ASTM D695 method is generally em- 

ployed when compressive strength of laminated plastics is Jeslred. 

This test requires the use of a short, straight sided specimen. 

Typical failure modes included crushed fibers, delaminations and 

brooming (failure of the ends of the specimen in contact with the 

pressure plates). A specimen configuration that avoided these 

failures and enabled shear plane type fracture was selected (see 

Figure 3-2). The specimen and fixture provided a central un- 

supported area of slenderness ratio of 6.5:1 (0.1 thickness) to 

8.1:1 (0.08 thickness). 

PICTURE FRAME SHEAR SPECIMEN - A series of tests to evaluate the 

suitability of using the picture frame shear test specimen to 

generate data on fiberglass laminates was conducted. The speci- 

men configuration shown in Figure 3-3 was found adequate for this 

program. 
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POISSON's RATIO SPECIMEN    - By relating test data developed in 

compression and tensile testing a straight-sided tensile specimen 

was selected.    An extenscmeter was centrally located to measure 

longitudinal extensions, and strain gages were centrally loaded 

to measure lateral contraction (See Figure 3-4). 

The specimen configurations described above were used with the 

following test methods: 

TENSION TEST METHOD - Testing was performed with grips which were 

self-aligning, both transversely and axially (modified Templin 

grips).    The speed of testing (head travel) was held constant at 

0.0^0 inch per minute.    The specimen was aligned such that its 

longitudinal axis was parallel to the direction of load application. 

COMPRESSION TEST METHOD - A jig which completely stabilized the ends 

of the specimen was used.    The jig surfaces which contacted the opeci- 

men were Teflon faced and the ends of the specimen were clamped 

(sliding fit).    This fixture provided an unsupported free space of 

3/l6 inch.    Figure 3-5 shows the jig with the test specimen inserted. 

Compresscneters were installed at the sides of the specimen.    The 

test was conducted to fracture at a speed of 0.050 inch per minute. 

PICTURE FRAME SHEAR TEST METHOD - The specimen was loaded at alternate 

comers in tension at a loading head rate of 0.050 inch per minute, 

with ccrapresscmeters positioned to measure the lateral contraction 

aa shown in Figure 3-3. 

POISSON'p RATIO TEST METHOD - Standard Templin grips were used to 

induce a tensile stress.    Values were reported at several strains. 

The loading rate to a given strain was 0.05 inch per minute. 

TcBt temperature, condition, and number of specimens is given in 

Table 3-1. The wet condition Indicates exposure to 95 ± 5% relative 

humidity for k2 days at a temperature of 1250F.    In addition,  for wet 
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tests at 250F and -650F the samples were cycled four times between 250F 

and 125°?  (wet) with ^ hour exposure at each temperature cotadition. 

The dry condition indicates that the specimens were exposed to 50 ± 5^ 

relative humidity at 70-75oF for Ik days.    The elovoted temperature 

condition  ('+00oF and k^O0?)  indicates that the specimens were exposed 

to k000¥ and U500F respectively for 100 hours prior to test at these 

elevated temperatures.    All data pertaining to each test condition are 

recorded on the top of the appropriate table in the appendices.- 

TABLE 3-1     Regrouped Test Schedule and Test Environment 

NUMBER OF TESTS FOR EACH PROPERTY 

GRAVIMETRIC RESIN CONTENT, % 26 31 J6 
CONDITION                i WET DRY WET DRY WET DRY 

TEMPERATURE 0F 

U50*  (1), (2) - 5 - - - 5 

^00  (1), (2) - 10 - 20 - 10 

220  (1), (2) 5 - - - 5 - 

160  (2) 10 - 20 - 10 - 

75 (RT) 10 - 20 - 10 - 

25   (2) 5 - 10 - 5 - 

-65   (2) 10 20 20 10 
i 

10 10 

*   This temperature is 50oF in excess of the maximum temperature 

recommended for continuous use of this material (U00oF).    This teat 

was performed to obtain additional data. 

(1) Picture-frame shear tests were not performed at these 
temperatures, 

(2) Poisson's ratios   were not determined at these temperaturei. 
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Stock -1- 
Laminate "T 
(S 0.080) —' 

0.188 Dia 
+0.001. 

"^ 

i 
0.75 +0.020 

-0.000 

(See Note 1) 
,+0.004 

r" 
0.50 

0.500 -0.000 

r 
1.060 

fcSym^j 

0 2R0+0«002 

^"-O.OOO^ 

5.2500 

s<- 
x 

1/4 R (Typ) 
(See Note 2) 

0.496 +0.000 
-0.004 

© 

$, Sym A 

11.50 

1. 

Notes: 

1. The width outward from 
0.496 shall be increased 
gradually and equally on 
each side up to 0.500 so 
that no abrupt changes in 
dimensions result. 

2. Transition from straight- 
sided center section to 
tapered section shall be 
smoothly Joined in the 
area of the 1/4 rad. 

3«    All dimensions in Inches 

Figure 3-1.      Selected Tensile Specljnen 

3.^ 



.080    +  .010 

+ .001 fiat 

NIOT TO   SCALE 

Note: All Dimensions In Inches 

Figure 3-2.    Selected Compression Specimen 
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•^ 

i 
LOAD DIRECTION 

.187" R 

NOTE:  ONLY EXPOSED AREA INSIDE FRAME IS SHOWN. 

FOR COMPLETE SPECIMEN 
DESCRIPTION SEE 
REFERHICE 1. 

Figure 3-3   Schematic of Picture Frame Shear Specimen 
Showing Location of Compressometers 
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0.080" 

9.00" 

STRAIN GAGE 

(on .rear face) 

EXTENSCMETEP 

(on front face) 

torrlo5c/iLE 
1.25" 

Figure l-k.       Specimen Selected to Determine Poisson's Ratio 
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Figure 3-%  Compression Test Jig with Test Specimen Inserted 
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3.2     GROUP I (26.0^ Resin Content) Laminates 

The specific data in tabular form for laminates of this resin 

content are reported in Appendix I in the following manner: 

Tension - Tables AI-1 to AI-18 

Ccmpression - Tables AI-19 to AI-36 

Picture Frame Shear - Tables AI-37 to AL-kO 

Poisson's Ratio - Tables Al-kl to AI-U3 

3.2.1 SUMMARY DATA 

Table 3-2 summarizes the primary mechanical properties of 26^ 

average resin content laminates.    All values, except flexural strength 

and interlaminar shear;  are from either Appendix I data or from the 

graphs of para.  3.3.2 (  on laminates of 0.08 inch nomical thickness). 

The flexural strength data are from Quality Control Testing (see para. 

3,5) of .125 inch nominal thickness laminates and the interlaminar 

shear values are from separately molded 0.250 inch thick panels tested 

by short span bending in accordance with ASTM D 23^. 

3.2.2 GRAPHICAL DATA 

Figures,    k.3.1, 4.5.2,  4.5.3, and k.5,k ( to be in revised MIL- 

HDBK-17) are graphical representations of the data giyen in Table 3-2 

and Appendix I.    Note that the arrowheads of the stress-strain curve 

of average minus 3 times the standard deviation (AVG.  -3 S.D.) indicate 

the highest strain level for which stress readings for all specimens in 

the sample were recorded. 
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3.3  GROUP II (31.0^ Resin Content) Laminates 

The specific data in tabular form for laminates of this resin 

contents are reported in Appendix II in the following manner: 

Tension - Tables AII-1 to AII-lU 

Compression - Tables AII-15 to AII-28 

Picoare Frame Shear - Tables AII-29 to AII-3I+ 

Foisson's Ratio - Tables AII-35 to AII-38 

3.3.1 SUMMARY DATA 

Table 3-3 summarizes the primary mechanical properties of 31^ 

average resin content laminates.    All values,  except flexural strength, 

are from either Appendix II data or the graph of para.  3.3.2.   (on 

laminates of 0.08 inch nominal thickness).    The flexural strength data 

is from Quality Control Testing (see para.  3.5) of .125 inch nominal 

thickness laminates. 

3.3.2 GRAPHICAL DATA 

Figure numbers k.6,1,  U.6.2, ^.6.3, and k.o.h  (to be in revised 

MII1-HDBK-I7) are graphical representations of the data given in Table 

3-3 and Appendix II, Note that the arrow-heads of the stress-strain 

curve.of average minus 3 times the standara Jeviation (AVG. -3 S.D.) 

indicate the highest sir*.in level for which stress readings for all 

specimens in the sample were recorded. 
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3.U     GROUP III (35.6^ Resin Content) Laminates 

The specific data in tabular form for laminates of this resin 

content are reported in Appendix III in the following manner: 

Tension - Tables AIII-1 to AIII-18 

Coopression - Tables AIII-19 to AIII-36 

Picture Frame Shear - Tables AIII-37 to AIII-U2 

Poisson's Ratio - Tables AIII-1+3 to AIII-M+ 

3.l+.l SUMMARY DATA 

Table 3-^ summarizes the primary mechanical properties of 3&f> 

average resin content laminates.    All values,  except flexural strength, 

are fron either Appendix III data or the graph of para. 3.^.2 (on 

laminates of 0.08 inch nomical thickness).    The flexural strength data 

is from Quality Control Testing (see para.  3.5)  of .125 inch nominal 

thickness laminates. 

3.U.2 GRAPHICAL DATA 

Figure numbers U.7.1, U.7.2, U.7.3, and k.J.k (to be in revised 

MIL-HDBK-17) are graphical representations of the data given in Table 

3-U and Appendix III.    Note that the arrow-heads of the stress-strain 

curve of average minus 3 times the standard deviation (AVG. -3 S.D.) 

indicate the highest strain level for which stress readings for all 

specimens in the sample were recorded. 
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FICtniE 4.7,2(b)   COMPRESStVE STRESS-STRAIN FOR Fl(l|7i81 FIBERGLASS EPOXY LOADED IN 90    DIRECTION (361 RESIN) 
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3.5 QUALITY CONTROL TESTS AND DATA 

To insure complete reliability and reproducibility of the material 

used in this program, Quality Control Testing was undertaken.    The pre- 

preg materials were tested for resin content, flow, and percent volatiles. 

The results of these tests were reported in para.  2.1.    Mechanical testing 

was also conducted on parallel ply lay-up 12 inch by 15 inch by I'* ply 

thick panels made of each of the four (k) rolls of prepreg used to fabri- 

cate laminates  (see Reference !)• 

The mechanical tests performed were in accordance with the following 

ASTM methods: 

ASTM D638-68 

ASTM D695-68T 

ASTM D790-66 

ASTM D23U5-65T 

Tensile Properties of Plastic 

Compressive Properties of Rigid Plastic 

Flexural Properties of Plastic 

Interlaminar Shear Strength of Plastic Structures 

at Subnormal and Supernormal Temperatures 
(notched tensile loading using side support plates) 

The results of the tests run at room temperature follow: 

PREPREG 7581/F161-505 

Laminate group(s) in which 
Prepreg was used 

Tensile Strength, KSI ** 

Ccmpressive Strength, KSI ** 

Flexural Strength, KSI ** 

Interlmainar Shear Strength, KSI *** 

ROLL A* ROLL B* ROLL C* ROLL D* 

III II II & I I 

65.U5 69.ll 69.05 73.92 
61.00 63.16 57.69 63.89 

88.37 92.1k 90.80 97. Hi 

2.23 2.1+0 2.20 2.1k 

* The A, B, C, and D designations correspond to different prepreg resin 

content, flow, and volatiles to provide the three major resin content 

laminates  (see Section k and Table 2-1) 

**      Average of 10 tests. 

*••**    Average of 5 tests. 
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SECTION h ': 

DESCRIPTION OF SERIAL NUMBERED LAMINATES 

h.l        FABRICATION FF.CM PREPREG MATERIAL 

As noted in para. 2.2, the laminates tested were constructed of 

eight (8) and ten (10) ply layups. There were four (U) rolls of 

758l/Fl6l-505 prepreg material (identified by: A, B, C, and D) used 

in this program. The mechanical properties of these rolls are given 

in para. 3.5. These prepreg materials were distributed in the various 

serial numbered laminates in the following manner: 

S/N 1 and S/N 2 - preliminary panels made for program guidance and 

not used to generate data 

f S/N 3    8 plies of roll A prepreg 

S/N h 8 ^lies of roll A prepreg 

S/N 5 8 plies of roll C prepreg 

S/N 6 8 plies of roll A prepreg 

S/N 7 h plies of roll A + h plies of roll B prepreg 

S/N 8 10plies of roll D prepreg 

S/N 9 10 plies of roll C prepreg 

S/N 10 6 plies of roll A -t- U plies of roll B prepreg 

S/N 11 5 plies of roll A + 5 plies of roll B prepreg 

S/N 12 10 plies of roll D prepreg 

S/N 13 5 plies of roll C + 5 plies of roll B prepreg 

S/N Ik 1 ply of roll B + 7 plies of roll A* prepreg 

S/N 15 1 ply of roll B r k  plies of roll C* + 5 plies of roll A* prepreg 

S/N 16 1 ply of roll B + 7 plies of roll A* prepreg 

These plies were from a second shipment of prepreg required to 

complete the contract. 

h.l 

.JSA ■* ■ 
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k.2       DISTRIBUTION OF LAMINATES INTO GROUPS 

, I 

To meet the requirement of generating mechanical property data 

for material of various resin contents, the serially numbered laminate 

panels were collected in groups, as follows: 

GROUP I - (26^ average resin content) 

S/N 5, S/N 8, S/N 9, S/N 12, and S/N 13 

GROUP II - (31^ average resin content) 

S/N 7, S/N 10, S/N 11, and S/N 15 

GROUP III - (35.6^ average resin content) 

S/N 3, S/N ky  S/N 6, S/N 1»S and S/N l6 

4.2 
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SECTION 6 

APPENDICES 

APPENDIX I - Tabular Test Data-Group I (26^6 Resin Content) Laminates 

Tension:    Tables AI-1 to AI-18 

Ccnpression:    Tables AI-19 to AI-36 

Picture Frame Shear:    Tables AI-37 to Al-kO 

Poisson's Ratio:    Tables Pil-kl to Al-k3 

APPENDIX II - Tabular Test Data-Group II (31^ Resin Content) Laminates 

Tension:    Tables AII-1 to All-Ik 

Compression:   Tables AII-15 to AII-28 

Picture Frame Shear:    Tables AII-29 to AII-34 

Poisson's Ratio:    Tables AII-35 to AII-38 

APPENDIX III - Tabular Test Data-Group III (35.6^ Resin Content) Laminates 

Tension:   Tables AIII-1 to AIII-18 

Caapression:   Tables AIII-19 to AIII-36 

Picture Frame Shear:    Tables AIII-37 to AIII-I12 

Poisson's Ratio:    Tables AIII-U3 to AIII-UU 
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